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Light, phase, and electron microscopic studies on the cytology of 
normal and dimethyl sulfoxide (DMSO)-treated amnii from days 10\ 
through 19\ of gestation were observed. This study emphasized the 
ontogeny of the structural moiety of normal amnion and the effects of 
DMSO on cell-tissue integrity of the amnion. These studies revealed 
that the amnion consists of a single layer of large nucleated 
epithelial cells which were evaginated into microvilli, a basal 
lamina, a compact layer which was acellular containing connective 
tissue and reticular fibers. A fibroblastic layer was present and 
composed of fusiform fibroblast with pseudopodial-like projections, 
mitochondria and endoplasmic reticuli in its cytoplasm. Hofbauer 
cells of the resting type also were found adjacent to the fibro-
blastic layer. 
Dimethyl sulfoxide (DMSO) induced various effects in amniotic 
tissue: cellular distortion, swelling of epithelial cells, endo-
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plasmic reticuli and fibroblasts. Swelling and disruption of the 
mitochondria were also evident. Other effects such as the 
dissociation of ribosomes from rough endoplasmic reticuli and 
increases in meconium occurred. Thus, it can be concluded that the 
amnion of the rat fetus consists of four layers which are differen-
tiated over a nine-day period (10~ - 19~) and that anomalies can be 
induced in the amniotic tissue when it is subjected to known LD50 
dosages of dimethyl sulfoxide (DMSO). 
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19\ day normal and DMSO-treated amnion. 
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The amnion is a thin transparent sac filled with a fluid 
transudate and lined with a single layer ectodermal epithelium. 
It is the inner membrane which encloses the embryo, and is also 
considered one of the extra-embryonic membranes because it is posi-
tioned outside of the embryo proper. Hence, it does not become a 
part of the embryo body. Its external covering consists of mesa-
dermal connective tissue. 
Two distinct methods of amnion formation are ordinarily 
considered: (1) formation by folding, and (2) formation by cavita-
tion. After fusion of the folds, the body of the embryo is 
consequently enclosed in the amniotic cavity. In the formation by 
cavitation, there is a tendency of the cells which give rise to the 
embryo proper to sink deeper into the blastocyst. This type of cell 
movement results in the formative cells not appearing on the surface. 
Under these conditions the amniotic cavity can no longer be formed by 
the convergence of the amniotic folds. Instead, the amniotic cavity 
is formed by a crevice appearing between cells in the future 
blastodisc area (Balinsky, 1970; Mossman, 1937). 
Arey (1965) and Patten (196~) suggested that the amnion 
functions passively for protection by providing pressure absorbency 
for the embryo. Contrary to the postulations of these investiga-




to provide a liquid medium in which the delicate embryonic tissues 
and appendages could develop symmetrically and free from distortion. 
The fluid lubricates the embryonic surfaces and prevents adhesions 
of embryo to the amnion. 
In reference to light and electron microscopic studies (Danforth 
and Hull, 1958; Bourne, 1962; Wynn and French, 1968; Larsen and 
Davies, 1962; Thomas, 1965), the amnion consists of five layers: 
the epithelium, the basement membrane, the compact layer, and the 
spongy layer. 
The principal ultrastructural features of the amnion according 
to the majority of investigators in electron microscopy (Wynn, et al. 
1967; Bourne, 1962; Begstroms, 1971; Hayes, 1968, and Bautzrnann and 
Schroder, 1956), appear to be adaptations to facilitate transfer of 
fluid rather than synthesis of secretions. However, no research 
has been done on the mechanism or complexities which regulates the 
passage of ions or to explain the influx-efflux of ions through the 
amnion. 
Dimethyl sulfoxide (DMSO) was first synthesized in 1866 by 
Alexander Saytzett. Recently, controversy concerning its usage has 
been reported, most of which involves its teratogenic actions 
(Ferm, 1966; Rubin and Mattis, 1966; Hammerman, 1966; Caujolle, 
1965, and Browne, 1968, 1970). Many of the teratogenic effects may 
be related to DMSO's effect on cell surfaces (Puig-Muset and Martin-
Esteve, 1965). 
Controversies still remain as to the principal ultrastructural 
features of the amnion. Furthermore, the impact of DMSO on cells 
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and tissue due to its teratogenic affects, at least in fetalogenesis, 
may involve these actions on the amnion. In particular, fluid volume 
changes and electrolyte imbalance which have been suggested as 
amnion-mediated led to this present investigation. 
In our laboratory we are interested in the physiological roles 
of the extra-embryonic membranes during fetalogenesis. A priori 
the amnion has been shown in the vast majority of the literature to 
be the most probable source for regulating homeostasis of the 
mammalian fetus. This investigation specifically has as its objec-
tives: (1) a sequential study of changes in the normal amnion with 
subsequent gestational periods, (2) a study of specific affects, 
DMSO, a chemical known to alter stereoisomerism of cell membranes 
(Puig-Muset and Martin-Esteve, 1965), induce hydramnios and promote 
electrolyte imbalance in avian embryonic systems (Browne, 1968, 1970) 
may have on the structure integrity of amniotic tissue. 
CHAPTER II 
REVIEW OF LITERATURE 
Modern descriptions of the amnion has been made by various 
investigators. Polano (1922) showed the presence of intracellular 
fats, enzymes, and vacuoles in the amnion, and he regarded these as 
evidence of secretory activity. Petry (195~) stated that the amnio-
tic-epithelial cells of the amnion were attached to the underlying 
fibrous tissue by means of filamentous strands extending from the 
cell membranes resembling bridges. However, Schmidt (1965) found 
great variations in the structure from one portion of the membrane 
to another and he also emphasized that ghost chorionic villi arising 
through the chorion were a prominent and characteristic feature of 
this layer. He further described the presence of fat and choles-
terol in the amniotic cells and glycogen throughout all layers. 
Light Microscopy of Anmion 
Danforth and Hull (1958) did light microscopy of the amnion and 
the chorion. They found that the amnion peripheral to the placenta 
consisted of a single layer of epithelial cells superimposed upon a 
layer of dense connective tissue. The thickness of the two layers 
averaged 0.05 mm. The amniotic epithelium is mainly cuboidal but in 
different places it is columnar, with the nuclei of the latter being 
positioned near the periphery of the cells. No mitotic figures were 
seen. In the whole mounts of the amnion, the cells appeared irre-
~ 
5 
gularly rounded or polygonal in outline, broader in diameter than 
they were in their vertical measurement. 
Isolated cells from the reflected surface portion of the amnion 
were generally cuboidal; the cytoplasm lacked definition and contained 
fats and vacuoles in varying quantity; the nucleus occupied the 
greater portion of the cell, whereas isolated cells from the placental 
portion of the amnion were generally columnar. 
The chorionic membrane was found to be composed of a layer of 
areolar tissue from which arise ghost chorionic villi. It is four to 
six layers in thickness and lies directly upon decidual tissue 
(Danforth and Hull, 1958). 
Bautzmann and Schrtlder (1956b) reported that chick amnion con-
tained collagen bundles which sometimes showed brush-like ends which 
penetrated into the substance of the amnion. These authors postulated 
that these bundles were derived from the chorionic connective tissue, 
and that these bundles formed bridges from the chorionic membrane to 
the amnion. They also found these brush-like structures in man and 
guinea pig amnii. 
According to these same authors the amniotic epithelium comes 
into contact with connective tissue of the chorion and then a new 
layer appears between the two membranes which has a typical and 
peculiar fibrous network structure. The zone is practically free 
from fibroblast. 
However, Larsen and Davies (1962) noted that from light micro-
scopic studies of the amnii of rabbit fetuses on the fourteenth, 
seventeenth, and twenty-eighth days of pregnancy, there was seen a 
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membrane with two layers of ''liningn cells on both sides separated 
by mesenchyme which contained a few spindle-shaped cells and fibrils. 
The amniotic epithelium consisted of a single layer of flattened 
cells with dark nuclei. 
Polishuk, et al. (1962) in their report on the physical, histo-
logical and functional properties of fetal membranes, postulated 
that the thickness of the amnion ranged from 0.1 - 0.2 rran, whereas 
the thickness of the chorion ranged from 0.3 - 0.~ rran. On the 
average, the amnion thickness was one-third that of the chorion. 
Electron Microscopy of the Amnion 
Wynn, et al. (1967) reported that the normal amnii in guinea pig 
fetuses at the fifteenth day of gestation consisted of a single 
layer of epithelium, ranging from low cubiodal to columnar, with 
pale staining cytoplasm and dense muclei which occupied varying 
positions in the cell. The connective tissue was areolar and 
avascular with inconspicuous mesenchymal components. Ultrastruc-
turally, Wynn, et al (1967) noted the characteristics of numerous 
large cytoplasmic projections extending from the free surface. 
Short microvilli arose from portions of the epithelial surface that 
were not involved in these promonotories. Most of the cytoplasm 
was occupied by ribosomes, but well-developed endoplasmic reticuli 
were scant. Golgi apparati were only moderately complex and mito-
chondria were sparse. Prominent desmosomes connected epithelial 
cells. Large intercellular spaces found in addition to a system of 
intracellular channels that extended from pinocytotic vesicles at 
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the bases of epithelial microvilli to the basement lamina. The 
stroma contained typical fibrocytes and occasional macrophases that 
resembled Hofbauer cells. 
Wynn and French (1968) found that at about fifty days of gesta-
tion the amnii of guinea pig fetuses contained the same histologic 
pattern and ultrastructural characteristics as those of rat fetuses. 
The epithelial cells contained fairly short microvilli which were 
connected to another by junctional complexes such as desmosomes. 
Pinocytosis occurred at the base of the microvilli that projected 
into the amniotic cavity and into the extracellular spaces at the 
lateral junction of two epithelial cells. Podocytic specializations 
were less extensive in the amnii of guinea pig fetuses than in 
primate amnii, but the plasma membrane was intermittently thickened 
where it joined the basal lamina. The nucleus was large, dense, 
and slightly irregular. Immediately subjacent to the basal lamina 
was a fibrillar acellular layer. Smooth muscles were lacking. 
However, Wynn and French (1968) postulated that the amnii of 
rat fetuses near term consisted of a single layer of epithelial 
cells, a basal lamina, a thin support of connective tissue, and a 
mesothelium. The epithelium consisted of cuboidal and columnar 
cells of varying electron density. Numerous large cytoplasmic 
projections from the less dense epithelial cells could still be 
found. The epithelial cytoplasm was generally rather poorly 
differentiated; numerous ribosomes could be found, but well-developed 
Golgi complexes and endoplasmic reticuli were scarce. These authors 
also noted the mitochondria with transverse cristae were more 
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prominent in earlier amnii but at term they, too, were rather sparse. 
Some membrane-bound granules in the amnii were consistent in appear-
ance with lipoproteins. Junctional complexes which connected adjacent 
epithelial cells were often found separated by large extracellular 
spaces into which microvilli projected and which were sometimes 
mistaken for giant cells with huge vacuoles. The basal membrances 
were less extensive than in primate amnion. 
On the other hand, Larsen and Davies (1962) noted that the 
amniotic epithelium of rabbit fetuses appeared as large cells with 
one round or ovoid nucleus containing one or two nucleole. The 
surface plasma membrane and underlying cytoplasm penetrated into 
the microvilli which were perhaps simple or arose in groups from 
acone-like extension of the peripheral cytoplasm. The cells rested 
on a basement membrane. Vacuoles of the Golgi membranes and mito-
chondria, which were few, were seldom seen. 
An investigation by Wynn and Corbett (1969) on the amniotic 
epithelium of the dog obtained by Cesarean section, showed it to 
consist of a single layer of cells that varied from almost squamous 
to moderately tall columnar types. The adjacent cells overlapped 
and were connected with rmiltiple desmosomes and between them were 
large intercellular spaces. The cells comprise two distinct types, 
based on varying electron density. The £ree sur£ace was occupied 
by numerous short microvilli and the base of the cell was delimited 
by a single basal lamina. Even greater numbers of microtubules, 
channels of endoplasmic reticuli, and ribosomes were observed. The 
connective tissue contained collagenous fibers and fibrocytes with 
micropinocytotic vesicles and Hofbauer-like macrophages. 
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Sinha, et al (1970) noted that the amnii of the white-tailed 
deer fetuses throughout pregnancy appeared as a single-layered 
amniotic epithelium of low columnar to squamous-type cells. The 
nuclei were central in position and were either oval or flattened. 
The amniotic epithelium also contained short, blunt, club-shaped 
microvilli and tortuously folded plasma membranes which enclosed 
intercellular spaces. Basal foot processes were also present. 
Hemidesmosome appeared only in association with the foot processes. 
The tissues were further supported by a basal lamina. The subse-
quent connective tissue layer contained mesenchymal cells, fibroblasts 
and collagenous fibers. The fibroblasts were oval and had short cyto-
plasmic processes which extended into the intercellular substance. 
Sparse micropinocytotic vesicles were present near the cell surface 
of the mesenchymal cells. 
Wynn, et al. (1971) postulated that the amnion of the baboon 
fetus near term of pregnancy consisted of a single layer of epithe-
lium. In this epithelium, they found cells of varying electron 
density, a well-defined basal lamina, and connective tissue with 
relatively few cells, and a few secretory granules. Also observed 
were a few larger cytoplasmic blebs projecting from the surface. 
The basal plasma membrane was highly convoluted, forming podocytic 
processes which were particularly well developed at term. In these 
basal plasma membranes, they observed rows of numerous pinocytotic 
vacuoles. 
Wynn and French (1968), postulated that the amnion of the mon-
key fetus, at about 56 days of gestation, consisted of a single 
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layer of epithelium, a basal lamina, and connective tissue. The 
cytoplasm contained numerous fine tonofilaments, a few short frag-
ments of endoplasmic reticuli, moderate numbers of mitochondria with 
transverse cristae, and secretory granules of varying density. The 
Golgi complexes were sparse. The light cells differed from the 
dark principally in content of ribosomes, which was higher in the 
latter. At the microvillous border of the fetal monkey 1 s amnion, 
early in pregnancy, pinocytosis was extensive, with a suggestion of 
coated vesicles. The microvilli were moderately slender and simple, 
but there was no suggestion of a TTg + 2TT pattern, and cilia were 
lacking. Immediately beneath the basal lamina were found an acellu-
lar region, and a zone containing typical fibrocytes with distended 
endoplasmic reticuli and multiple cytoplasmic steamers as well as 
occasional macrophages. These authors also noted that in the 
amniotic epithelium of the monkey fetus, early in pregnancy, inter-
cellular spaces were less complex basally and laterally. Toward the 
end of gestation (1~3 days) the amnion contained complicated podo-
cytic processes that exhibited rows of regular pinocytotic vacuoles. 
They also observed that many of the fibrocytes contained peripheral 
pinocytotic vacuoles of uniform size and shape. In this respect 
they resembled smooth nruscle cells, but in other ultrastructural 
details they appeared to be typical fibrocytes. Comparatively, they 
noted that human amnion, slightly beyond mid-gestation (22 weeks), 
comprised a single layer of epithelium, a basal lamina, and connec-
tive tissue with acellular and fibrocytic layers, as in the monkey. 
In large portions of the epithelium, the cells were connected by 
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desmosomes. Pinocytosis occurred at the free microvillous border in 
the podocytic projections. Pinocytosis was more extensive at the 
base and side of the epithelial cells than at the surface facing the 
amniotic cavity. Numerous pinocytotic vacuoles were found in the 
fibrocytes also as described in the monkey. 
Bautzmann (1956) proposed that smooth muscles, which he found 
in the amnion of oviparous species but not in placental marronals, 
were associated with a rocking motion of the fetus. To support this 
postulation, Bautzmann and Schroder (1955a) recounted their previous 
work on muscle in the amnion of the reptile Vipera berus, which 
resembled that of the cat (Petry, 1961), and the sheep (Bautzmann 
and Schroder, 1955), showed essential histologic similarity of the 
amnion in taxonomically unrelated species. 
Lister (1968) observed that in late pregnancy the epithelium of 
human amnion remained in a single layer of cells. Infrequently 
stunted microvilli were seen on the amniotic surface, or occasionally 
small groups of well-developed microvilli, while other areas were 
completely denuded of microvilli. 
However, Bourne and Lacey (1960) observed that human amnion 
obtained from fetuses delivered by Cesarean section at term consisted 
of an epithelial layer, a basement membrane, and a connective tissue 
layer. The epithelium consisted of a single layer of cells of 
varying heights. The layer of cells was covered by a single mem-
brane which, on the surface next to the amniotic fluid, was evaginated 
to form many short processes or microvilli. The two membranes of 
adjacent cells formed a series of irregularly-shaped vacuoles. Some 
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of these vacuoles appeared to extend apposition of the two cell 
membrances. The cytoplasm of the epithelial cells appeared very 
dense. Mitochondria were extremely scarce and were seen usually in 
the form of small spheroidal bodies. Golgi systems were not observed. 
The nuclei were large and dense and located close to the upper 
surface. The basement membrane consisted of a thin layer of a 
moderately dense substance which penetrated into the vacuolar-like 
indentations of the cell membrane. The connective tissue layer was 
a relatively deep layer consisting mainly of fibrils. These fibrils 
were thick and exhibited faint transverse striations. The fibrils 
were also branched and arranged in bundles, not bounded by a membrane. 
Such an arrangement of the fibrils suggested morphologically that the 
fibrils were reticular. The wavy appearance of fibrils in the deeper 
parts of this layer was probably due to some contraction. 
Bourne and Lacey (1960) also observed that in the deeper part of 
the connective tissue layer, there appeared two kinds of cells: 
fibroblasts and macrophages. The fibroblasts in the intermediate 
zone formed a diffused network and parts of the cell surface 
appeared not to be covered by a membrane. Many of the fibroblasts 
contained an irregularly-shaped, dense nucleus, a moderately 
developed endoplasmic reticuli. Diffused mitochondria, Golgi 
apparati and groups of fine filaments and several small, dense 
spheriodal bodies were also evident. The macrophages were very 
scarce and scattered throughout the connective tissue layer. 
Bourne (1962) postulated that the human amnion consisted of 
approximately five layers, namely: the epithelium, the basement 
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membrane, the compact layer, the fibroblastic layer, and the spongy 
layer. Accordingly, the epithelial layer is composed of a single 
layer of cuboidal or columnar cells of various heights, attached at 
their bases to the basement membrane. The surface next to the 
amniotic fluid is evaginated into many small processes or microvilli. 
The microvilli were club-shaped, frequently having an ill-defined 
constriction near their base. The microvilli were of four types: 
simple, compound, branched, and fused. The majority of the micro-
villi were single or simple, arising from the surface of the cell. 
The compound microvilli took their origin from a common base. The 
branching microvilli may also be compound, arising from a pedicle of 
a single base. Occasionally, adjacent microvilli fuses together to 
form the fused microvilli. The basal processes present in this 
layer were multiple prolongations which were present along the base 
of the epithelial cell and they extended into the basement membrane. 
The lateral vacuoles present in this layer were part of the inter-
cellular canals that were present between adjacent cells, and 
frequently these lateral vacuoles invaginated the side of the cell 
to give the impression that they lay deep within the cytoplasm. 
Also the lateral vacuoles and the intercellular canals communicated 
directly with the amniotic fluid. Mitochondria were extremely 
scarce and when seen were usually in the form of spheroidal bodies. 
Golgi apparati were not observed. 
The nuclei in the epithelial cells were large, dense objects, 
usually located near the apex of the cell, and they were bounded by 
double membranes in which pores were visible at high resolution. 
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The basement membrane was a thin layer consisting of a moderate-
ly dense substance which penetrated into the vacuolar-like indenta-
tions of the basal cell membrane. Also at high resolution, according 
to Bourne (1962), the basement membrane consisted of fribrils, 
approximately 200A in diameter, embedded in a material of closely 
matching density. 
The compact layer was immediately subjacent and closely adherent 
to the basement membrane. It was a moderately dense, granular layer, 
composed of fibrils embedded in a matrix. It did not contain cells, 
and the connective tissue present in this layer was composed mainly 
of fribrils which exhibited faint transverse striations. 
Bourne (1962), and Bourne and Lacey (1960) found evidence 
which suggested that the fibrils were reticular fibrils. Typically 
in the spongy layer, the fibrils have a wavy appearance and this 
may be due to contraction. 
Thomas (1965), postulated that human amnion epithelial cells 
from Cesarian deliveries, may be divided into two types on the 
basis of ultrastructural characteristics. One type exhibited a 
cytoplasm which showed membrane-bound vacuoles, a highly developed 
Golgi complex, and distended cisternae or rough endoplasmic reti-
culi. The types of structures were named 11Golgi typen cells. 
The second tYPe contained a cytoplasm filled with course fibrils, 
a small Golgi complex, and a few other cell organelles. Tissues 
of this type were named 11Fibrillar typen cells. Interestingly, 
Thomas found that tissues represented two distinct cell types or 
only one cell type in different physiological phases. 
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Hayes (1969) found that differentiation in the human amniotic 
epithelium toward the end of the fourth month of pregnancy was 
accompanied by changes in the basement membrane. Macrophages were 
present in considerable numbers in specimens of amniotic fluid. Their 
presence in the fluid appeared to be associated with the onset of 
differentiation in the amniotic epithelium. 
Hayes (1970), showed that the mesenchymal cells formed a 
continuous layer on the chorionic aspect of the amnion and were 
separated from the epithelium by an interval which contained poorly 
stained materials. Hayes also found that cells with vacuolated 
appearances, typical of Hofbauer cells, were recognizable principally 
in the younger specimens. 
Begstroms (1971), found that the amniotic epithelium was 
sometimes detached from the connective tissue underneath, showing 
the typical reticular-like fibrils of the ground substances. The 
fibrillar surface was shown to be rather loosely connected to over-
lying epithelium. According to Petry (195~), the epithelial cells 
of the amnion were firmly fixed on the basement membrane. Just under 
the parabasal part of the cells of single-layered columnar epithelium, 
the surface of the basement membrane was even as a result of its 
numerous processes penetrating into the intercellular spaces of the 
amniotic epithelium. This hypothesis was also supported by the 
findings of Woznicki (1971). 
Function of Amnion 
The principle ultrastructural features of the amnion according 
to the majority of investigators in electron microscopy appears to be 
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adaptations to facilitate transfer of fluid rather than for synthesis 
of secretion. Arey (1965) and Patten (1964) suggested that the 
amnion functions passively for protection by providing pressure 
absorbency for the embryo. Contrary to the postulations of Arey and 
Patten, Mossman (1937) suggested that the function of the amnion is 
to provide a liquid medium in which the delicate embryonic tissues 
and appendages could develop syrrunetrically, and free from distortion. 
Wynn, et al.(1967), stated that the morphologic adaptations of 
the amnii of guinea pig fetuses were primarily to transport large 
volumes of fluid. Interspecific differences centered mainly around 
the extent of the development of intercellular spaces and of 
specializations, which were more extensive in the amnii of human 
fetuses than in the amnii of guinea pig fetuses. Contrary to Wynn, 
et al.(1967), Larsen and Davies (1962) noted in the amnii of rabbit 
fetuses that the epithelium of the internal lining on distinct 
basement membranes and the plasma membranes and the cytoplasm 
appeared as specialized absorptive structures. On the other hand, 
Wynn and Corbett (1969) found the amnii of dog fetuses, at least at 
term, to be a structure concerned primarily with facilitation of the 
transport of fluids. 
In early ultrastructural studies of the amnion in chick, cat, 
and man, Bautzmann and Schroder (1956) described numerous filaments 
and intercellular spaces and suggested a metabolic function for the 
amniotic mesenchyme. This view was shared by Kuhnel (1965). However, 
Armstrong, et al (1968) showed ultrastructurally that the function of 
the human amnion at term was that of an absorptive of secretory cells 
since it included microvilli, basal processes, mitochondria, 
17 
endoplasmic reticuli, and Golgi complexes. This view was shared by 
Fawcett (1962; 1966); Rhodin (1958); and Gabe and Arvy (1961). The 
proximity of lipid vacuoles to the major organelles of the cell, 
including nucleus, Golgi complex, mitochondria, and endoplasmic 
reticuli supported the belief that the vacuoles were a secretory 
product. Armstrong, et al. (1968), also suggested a mechanism of 
absorptive and secretory function for human amniotic cells in vivo. 
Step 1 in the cycle was the pinocytosis of the amniotic fluid from 
the amniotic cavity and possibly the intercellular canals. In Steps 
2 and 3, materials absorbed via microvilli and basal processes which 
may be used in the elaboration of secretion, were collected in the 
endoplasmic reticuli, while used products were discharged through 
the basement membrane (Step 4). The Golgi complexes, after receiving 
these materials from the endoplasmic reticuli, elaborated a lip 
which was accunrulated, concentrated, and moved to the cell border as 
a vacuole in a manner similar to vacuolar movement. The materials 
were then removed from the cell via the intercellular canal or 
through the microvillus border, suggested by the accunrulation of 
lipid debris on the microvillus surface. A theory shared by Bourne 
and Lacey (1960); Bourne (1962), and Schmidt (1963). Contrary to the 
above authors, Thomas (1965) suggested that the morphology of the 
amnion is most probably engaged in some sort of secretory activity. 
Hayes (1968) postulated that the transport of fluid across the 
epithelium probably occurred by processes of free diffusion through 
intercellular spaces rather than by mechanisms of active transport 
through cells. Furthermore, the rate at which the fluid is trans-
mitted was probably proportional to the net width of the inter-
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cellular spaces. Finally, Hutchinson (1955) showed that the rate of 
turnover of sodium was considerably less than that of water. It 
was possible, therefore, that the amniotic epithelium was selectively 
permeable to certain ions. This hypothesis was supported by Garby 
(1957), who found that the permeability coefficient of the isolated 
amnion for ions such as sodium and chloride was significantly lower 
than for water. 
Hofbauer Cells 
Although most investigators assume the so-called Hofbauer cells 
to be of fetal origin, arising from villous connective tissue, 
opinions have differed greatly regarding their significance and 
source. The cells are generally associated with placental abnor-
malities resulting from inflamation or neoplastic growth. 
In the connective tissues of the chick, the guinea pig, and 
human being amnii, there were cells which Hofbauer (1905) observed 
and described in the chorionic villi of the human placenta. He named 
the cells "Hofbauer Cells. '1 These cells were of two different 
morphological and cytofunctional types. The first type, the '1restingn 
cells, contained eccentric nuclei because of the presence of numerous 
vacuoles in the cytoplasm. These vacuoles also caused the nuclei to 
appear compressed and to resemble stars. The second type, the 
11wandering'1 forms, contained one or more long processes which some-
times have lateral extensions. The '1wanderingn forms also contained 
foamy structures, fewer vacuoles, and small globular granules in their 
cytoplasm. However, Hormann (19~7) cited investigators who claimed 
Hofbauer dells were simply degenerative and swollen connective 
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tissue cells. Hofbauer cells, according to Bautzmann and Schroder 
(1955b), represent special types of cells which do not originate 
from fibroblasts as some authors have claimed. They agreed with 
Hormann that Hofbauer cells were derived from primitive mesenchyme 
cells which also produced fibroblasts. Also in 1956, these same 
authors postulated that Hofbauer cells existed in either one or two 
forms: (a) a circular cell with an eccentric nucleus and foamy 
cytoplasm containing vacuoles and, possibly, granules. Such a cell 
they considered to be in the resting or quiescent phase; and (b) an 
irregularly shaped cell having both coarse pseudopodia and fine 
branching processes. The cytoplasm was foamy, with very few vacuoles, 
if at all present, but did contain granules. Such cells were con-
sidered to be actively phagocytic. In describing Hofbauer cells, 
Meyer (1921) also observed that these cells were round and full of 
phagocytosed or foreign material. However, he further noted that 
differentiation between a fibroblast (mesenchyme) cell and Hofbauer 
cell in regards to both shape and content of material was extremely 
difficult. 
An investigation by Wynn (1967) showed ultrastructurally that 
pinocytosis was more extensive in active fibroblasts than in Hofbauer 
cells, in which vacuoles -- particularly those within the cytoplasmic 
processes -- appeared unrelated to pinocytotic activity. It was 
further observed that protoplasmic projections within the fibroblasts 
were longer and more completely branched than those of the Hofbauer 
cell. The nucleus of the Hofbauer cell appeared to be small or 
absent, probably because its eccentric site was not included in the 
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plane of the section. Large, elongated mitochondria with well-
developed cristae, and short fragments of ergastroplasm were seen in 
the active Hofbauer cell, but well-developed granular endoplasmic 
reticuli and elaborate Golgi complexes were absent. As a result, 
Wynn postulated that the active fibroblast was characterized by a 
dense nucleus, well-developed granular endoplasmic reticuli and 
prominent mitochondria. The numerous ribosomes and parallel ergasto-
plasmic channels created the cytoplasmic basophilia of the fibroblast. 
These conditions were not present in the Hofbauer cells. 
Dimethyl Sulfoxide (DMSO) 
Dimethyl sulfoxide (DMSO) was first synthesized in 1866 by 
Alexander Saytzett. DMSO (C 2H5) 2so is an aprotic water miscible 
highly polar, organic liquid (MacGregor, 1966). It has a molecular 
wei'ght of 78.13 and a molecular structure of a tetrahedral form, 
having oxygen and carbon situated about the sulfur atom. It has a 
melting point of 18.55 C. and a boiling point of 189 C. and is 
characterized as versatile solvent, having a high dielectric constant 
(Sears, 1956) . 
The most accepted structural form of DMSO adhered to the double 
bond sulfur-oxygen complex (MacGregor, 1967) diagrammed. However, the 
most probable structure of DMSO was as proposed by Conant and Blatt 
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The use of DMSO has been proposed for many important therapeutic 
measures in man, animals, and plants. Diverse uses, such as a carrier 
for iron salts in foliaged sprays in citrus agriculture, cryoprotec-
tive properties for tissues, radioprotective effects, anti-inflamma-
tory responses, and as solvent for growth inhibiting chemicals in the 
treatment of carcinoma, have all been proposed. However, considerable 
controversy about its use in man has evolved. Many claimed DMSO was 
safe; others have shown it toxic. Another drawback to the use of 
DMSO in man is its teratological effect on mammals. 
Chemical evaluation of DMSO resulted from reports of its pene-
trating abilities in biological membranes (Pyle and Boyer, 1962; 
Huggins, 1963; Jacobs, et al., 1964). Huggins (1963) discussed the 
pharmacotherapeutic properties of DMSO for human use. Seven persons 
treated for subdeltoid bursitis experienced rapid relief from pain 
and a gradual return of mobility in the treated joints (Paul, 1967; 
Lockie and Norcross, 1967; Scherbel, 1967). 
Intriguing as the beneficial effects of DMSO may be, reports of 
toxicity and side effects may limit its usefulness in animals. 
Kligman (1965) investigating the topical pharmacology and toxicology 
of DMSO, found that it, in fact, did enhance penetration of drugs 
through human skin, but more noticeably it produced whealing at the 
sites treated, an indication of histamine release. Further histo-
chemical studies by Kligman showed that the whealing or "prominent 
edema" was caused by degranulation of most cells. Furthermore, 
Kligman suggested that extensive use of concentrated DMSO could 
possibly lead to "histamine mediated shock-like syndromes." Another 
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note of caution was evident in Kligmanfs referral to DMSO as a 
TTpotent vasodilatorn that had the tendency to cause blood pooling in 
peripheral circulation. 
Biological Properties of Dimethyl Sulfoxide 
DMSO increases permeability of cell and tissue membranes 
(Fritsch and Stoughton, 1963; Distefano and Borgstedt, 1964; Jacobs, 
et al.,1964; Kligman, 1965; Denko, 1967). However, an analysis of 
the mechanisms of this outstanding capacity to penetrate was largely 
neglected until 1965 when experimental results from the work of 
Puig-Muset and Martin-Esteve (1965) confirmed the remarkable capacity 
of DMSO to diffuse through cells and tissue. They also found that 
this chemical modifies the stereoisomerism of fatty acids in the 
membrane. 
Gandiha and Marshall (1972) concluded that DMSO produced direct 
depressant actions on skeletal muscles and on cholinesterase activity. 
Its greater actions on neurally-stimulated preparations more than on 
directly-stimulated preparations may have indicated that DMSO pro-
duced additional actions on the process of neuromuscular transmission. 
There is a loss of -crystalling and an increase in water-
insoluble protein in the lens of the DMSO-fed rabbit. These changes 
were confined to the nucleus of lens cells. The water-insoluble protein 
which resulted from DMSO feeding was insoluble in 7 ml of urea. The 
amino acid content of the urea-soluble protein from the lens of the 
DMSO-fed rabbit appeared to be the same as that from the control lens 
(Heyningen and Harding, 1972). 
Archer and Shiekin (1967) postulated that the fibroblasts from 
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rats receiving DMSO exhibited some ultrastructural anomalies. Namely, 
the cytoplasm of these cells was swollen and electronlucent. The 
cisternae of the endoplasmic reticuli were dilated, contained fine 
fibrillar material, and sometimes showed less ribosomal material. 
Striated muscle fibers were swollen and displayed loss of fibrillar 
elements. Mitochondria of these muscle fibers were diminished in 
number and those present were swollen. Furthermore, the same authors 
postulated that since the ribosome containing endoplasmic reticular 
system was the cytological source of protein synthesis, the distur-
bance of these structures in scorbutus explained the cytologic basis 
for its failure to manufacture adequate collagen. Collaborative 
evidence on the part of Archer and Schiekin (1967) raised the possi-
bility that such DMSO-damaged fibroblasts would have impaired protein 
synthetic ability. The evidence showed that DMSO changed the physical 
properties of collagen by causing lysis of its intermolecula~ bonds. 
Bralow, et al.(1973) found that dimethyl sulfoxide appeared to 
have a direct effect on gastic mucus and inhibited acid secretion as 
well as succinic dehydrogenase activity. 
Basic Mechanisms of Action by Dimethyl Sulfoxide 
Most studies on the metabolism of DMSO indicated the dimethyl 
sulfide and dimethyl sulfone are the end products of its interaction 
with other compounds in biological systems. Rammler and Zaffroni 
(1967) suggested that one of the chemical properties of DMSO, namely, 
its ability to be oxidized, could be utilized "nonspecially" by cells. 
Ando (1957) demonstrated the ability of bacteria to reduce DMSO to 
dimethyl sulfide under specific anaerobic conditions. Thus it can 
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act as a source of oxygen. Also, Wong, et al.,and Schreiber (1971) 
found that both man and miniature pigs transformed DMSO to dimethyl 
sulfone (DMS02) and dimethyl sulfide (DMS). Dimethyl sulfone was 
excreted in the urine, whereas DMS was eliminated in the expired air. 
In man, the relative amounts of DMS and DMS0
2 
in the plasma were 
similar to those found in the urine. 
Finally Distefano and Bergstedt (1964-) detected a specific odor 
from the exhaled breath of cats treated with DMSO. They further ,. 
suggested a possible metabolic pathway in the cat for the reduction 
of sulfoxide to sulfide. The inability to show quantitatively the 
chemical reactions of DMSO proposed by Conant and Blatt (1959) has 
led Kolb, et al. (1967) to suggest that, in marrnnalian systems, the 
carbon structure of DMSO was in part metabolized. 
Teratology of Dimethyl Sulfoxide 
Congenital abnormalities induced by DMSO have been reported in 
mammals, amphibians, and birds. Rubin and Mattis (1966) reported 
that oral administration of DMSO to young dogs produced lens abnor-
malities. Ferm (1966) reported that DMSO induced gross congenital 
malformations in hamsters. Marin-Padilla (1966) showed evidence that 
malformations observed in embryos of DMSO-treated hamsters were the 
results of mesodermal alterations. Beatty and Holland (1966) found 
that reduced ovulation in rats could be produced by DMSO administra-
tion. They suggested that DMSO may have antagonistic effects on 
gonadotropin. Hammerman (1966) found that DMSO inhibited larvae 
involution and metamorphosis in frogs. Caujolle (1965), and Browne 
(1968), reported teratological effects of DMSO in the chick. They 
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found that various injections of 50% DMSO induced limb bud blisters, 
allantoic congestion, blood blisters, blisters of the eye, anopthal-
mia, microthalmiam and coelosomia. Fluid and electrolyte disturbances 
were also found in embryonic and extra-embryonic compartments of the 
chick embryo (Brown, 1968; 1970). 
CHAPTER III 
MATERIALS AND METHODS 
Amniotic tissues for light and electron microscopic studies 
were obtained from gravid female rats of the Long Evans strain in 
proestrous which were housed with males of the same strain overnight. 
The day of conception was determined by the vaginal smear technique. 
This was done by removing the male rat from the cage of the female 
the next morning and making vaginal smear preparations. Cotton swabs 
which had been submerged in normal saline solution were inserted into 
the vagina of the rat. They were then removed and applied to clean 
microscopic slides. Methylene blue was used to stain the prepara-
tions. The smear preparations were then observed microscopically 
for sperm and, if present, this period was considered day~ of 
conception. The pregnancy was allowed to continue until the planned 
day that the uteral horns were to be excised and the amnion removed 
from the embryos for light, phase, and electron microscopic observa-
tions. 
In the dimethyl sulfoxide (DMSO) studies, on the eighth day of 
gestation, 0.25 ml of 75% DMSO was injected intraperitoneally into 
the right and left abdominal walls of gravid rats, respectively. The 
pregnancy was then allowed to continue until the day the amnii were 
removed from the embryos as mentioned above. The rats injected with 
DMSO were used as experimentals and the untreated females were used 
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as controls for comparative studies of cell tissue changes. 
Surgical Procedures 
Surgical manipulation procedures entailed positioning pregnant 
remale rats on days 10\ - 19\ of gestation in a dissecting pan, 
exposing the abdominal surface. Gravid female rats were exposed to 
light anesthesia with ethyl ether. While the rats were under 
anesthesia, an incision was made into the abdominalwallof both 
experimentals and controls, exposing uteral horns, which were 
subsequently excised. 
Light and Phase Microscopy Techniques 
Amnii for phase microscopic studies were removed from intact 
embryos and spread on aseptic microscopic slides containing a drop of 
physiological saline, and covered with a cover slip. Whole mounts 
of the amnii were made by cutting the amnii into 2 cm squares, which 
were subsequently spread on sterile microscopic slides. 
For light microscopic studies of fixed and stained slides, the 
amnii were immersed in 95% ethanol for 1 min; transferred to de-
ionized water; stained for 1 min. in a 1% aqueous solution of cresyl 
violet; rinsed in several changes of de-ionized water; covered for 
20 sec. by three separate rinses of absolute alcohol followed by two 
changes of xylol, and mounted with apochromount to make permanent 
preparations. Blocks containing amnii were sectioned at 0.5 - 0.1 u 
on a Sorvall ultrotome; placed on lightly albumened slides and air 
dried. Two to three drops of a freshly prepared, filtered aqueous 
solution of 0.1% toluidine blue in 2.5% borax (pH 11.1) were placed 
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on slides containing the sections. Slides so prepared were then 
placed on a hot plate at 60-70 F for l min.; rinsed in several changes 
of de-ionized water; de-colorized lightly with acid alcohol; rinsed 
in several changes of de-ionized water; and then mounted with apochro-
mount to make permanent preparations. Observations were made on an 
AO Phase-Light Photomicrography System. 
Electron Microscopy Techniques 
Amnii for electron microscopic studies were removed from the 
intact embryos; cut into approximately 2 mm3 sections; placed in cold 
3 - 4% glutaraldehyde made up in phosphate buffer (pH 7.4) for 2 4 
hrs., and subsequently rinsed in two to three changes of phosphate 
buffer. The sections were then placed in phosphate buffer containing 
3% sucrose for 24 hrs.; post-fixed in l - 2% osmium tetroxide 30 min. 
- 2 hrs., and'rinsed in several changes of phosphate buffer. 
After fixation, all sections of the amnii were dehydrated in 
successive changes of 50%, 70%, 80%, and 90% acetone, followed by 
two changes of 1000/o acetone for 5 - 10 min., respectively. The sec-
tions were then placed in a mixture of a 1:1 ratio of acetone-SpurrTs 
media for 30 min.; transferred to 1:3 ratio of acetone-SpurrTs media 
for 30 min. - 1 hr. and transferred to beam capsules containing 1000/o 
Spurr's Low-Viscosi'ty embedding media for l - 2 hrs., as described 
by Spurr (1969). Following embedding, the preparations were poly-
merized in an oven for 8 - 12 hrs. at 67 C. Thin sections were 
prepared with glass knives on an LKB ultrotome and mounted on 300 
mesh copper grids. The sections were stained with uranyl acetate as 
described by Venerable and Coggeshall (1965). The stained sections 
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were positioned on grids and observed in a RCA EMU4 electron micro-
scope and photographed on 3\ x 4 Kodak projector and electron image 
slide plates at magnifications ranging from 1056X to 60,000X. 
A total of 350 rat fetuses were used in this investigation. The 
light, phase, and electron microscopic studies were designed to: 
(1) ascertain visual evidence of cell-tissue structural differentia-
tion and subsequent morphogenesis of the amnion of the rat fetus; 
(2) determine the cytological (specifically) and morphological 




Part I Histogenesis of the Normal Amnion 
Light Microscopy 
The amnion, as evidenced from the present light microscopic 
studies, consists of cuboidal epithelial cells with large nuclei and 
micro~illous projections from their periphery. The epithelial cells 
are supported by a basement membrane. Beneath the basement membrane 
is a connective tissue or mesenchymal tissue composed of Hofbauer 
Cells and fibroblasts (Figs. 1, 2, 3, 4, 5, 6, 7, and 8). Several 
vacuoles occur in the mesenchymal tissues (Figs. 1, 4, 9, 10, 11, and 
12), and the cuboidal epithelial cells contain vacuoles, some of which 
are in close proximity to the nucleus (Figs. 1, 4, 10, and 11). In 
some instances, the mesenchymal tissue is very thin and connects 
epithelial cells and fibroblasts (Figs. 2, 6, and 13). The Hofbauer 
cells contain a nucleus surrounded by vacuoles (Fig. 7). In some 
instances, as seen in the whole mount (Fig. 14), the epithelial 
cells appear to be connected. 
Phase Microscopy 
The amnion, as viewed by phase microscopy, consist of large 
cuboidal epithelial cells with large irregular-shaped nuclei. At 
10~ days, the nuclei in the epithelial cells are not evident 
(Fig. 15). At 13~ days, the nuclei of the epithelial cells 
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Fig. 1. Photomicrograph of a cresyl violet stained preparation of 
isolated epithelial cells (E) of the amnion of an untreated 
fetus at 10\ days of gestation. Note vacuolation (arrow). 
3300X 
31 
Fig. 2. Photomicrograph of a cross-section of the amnion of an 
untreated fetus observed at 10\ days of gestation showing 
epithelial cells, (E); mesenchymal tissue, (M); and 
fibroblast, (F). Toluidine blue stain. 
3300X 
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Fig. 3. Photomicrograph of isolated nucleated epithelial cells 
(N) of the amnion at 13\ days of gestation. Cresyl violet 
stained. 3300X 
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Fig. 4. Photomicrograph showing cross-section of the amnion 
of an untreated fetus observed at 1%' days of 
gestation. Note cuboidal epithelial cells (E) 
with large nuclei (N), and microvillus projections 
extending from the periphery of the cells (arrow). 
Toluidine blue stained. 3300X 
34-
Fig. 5. Photomicrograph of isolated epithelial cells (E) of the 
amnion of an untreated fetus observed at 15\ days of 
gestation. Cresyl violet stained. 3300X 
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Fig. 6. Photomicrograph showing cross-section of the amnion 
of an untreated fetus observed at 16~ days of 
gestation. Note cuboidal epithelial cells (E) and 
mesenchymal tissue (M). Toluidine blue stained. 
3300X 
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Fig. 7. Photomicrograph of a cresyl violet stained preparation of 
amnion of untreated fetus observed at 19~ days of 
gestation showing epithelial cells (E) and Hobauer 
dells (H). 3300X 
37 
Fig. 8. Photomicrograph showing cross-section of the amnion at 
19\ days of gestation. Note epithelial layer, (E); 
fibroblastic layer, (F); and a few Hofbauer cells 
(Hand arrow). Toluidine blue stained. 3300X 
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Fig. 9. Photomicrograph of cresyl violet stained whole mount of 
amniotic epithelium showing nucleated epithelial cells 
(arrows) of an untreated fetus observed at 10\ days of 
gestation. 1056X 
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Fig. 10. Photomicrograph showing whole mount of amniotic epithelium 
of an untreated fetus observed at 13\ days of gestation. 
Note the presence of vacuoles (arrow1) and nuclei (arrow2). 
Cresyl violet stained. l056X 
4-0 
Fig. 11. Photomicrograph of isolated epithelial cells (E) of the 
amnion of an untreated fetus observed at 1% days of 
gestation. Note the presence of vacuoles (V) near the 
periphery of the cells. Cresyl violet stained. 3300X 
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Fig. 12. Photomicrograph of cresyl violet stained whole mount of 
amniotic epithelium of an untreated fetus observed at 16\ 
days of gestation. l056X 
4-2 
Fig. 13. Photomicrograph showing cross section of the amnion of 
an untreated fetus observed at 13\ days of gestation. 
Note epithelial cells, (E) and mesenchymal tissue, 
(M). Toluidine blue stained. 3300X 

Fig. 1~. Photomicrograph of a cresyl violet stained whole mount of 
amniotic epithelium of untreated fetus observed at 19~ 
days of gestation. At times epithelial cells appear 
connected (arrow). l056X 
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Fig. 15. A phase photomicrograph of isolated amnion cells at 10\ 
days of gestation. Nucleus not shown. 3300X 
4-5 
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appear small and irregular in outline (Fig. 16) and at 16~ and 19~ 
days the cuboidal cells appear very large with small nuclei and are 
supported by amorphorous mesenchymal materials (Figs. 17 and 18). 
Electron Microscopy 
Ultrastructurally, normal amnii from fetuses at 10~ - 14~ days 
of gestation consist of cuboidal and epithelial cells with micro-
villous projections. The nuclei are irregular in outline. The 
fibroblast are fusiform, containing large elongated nuclei. The 
cytoplasm contains several intercellular canals, rough endoplasmic 
reticuli and mitichondria of various shapes. 
present just beneath the fibroblastic layer. 
Reticular fibers are 
The synthesis of 
numerous, very thin fibrils is observed in the fibroblastic layer 
accentuated by rough endoplasmic recticuli containing numerous 
ribosomes (Fig. 19). The amniotic epithelium of 13~ normal amnii 
exhibits several microvillus or pinocytotic vesicles and there is an 
increase in the number of intracellular spaces (Fig. 20c). The 
nucleus is smaller (Fig. 19, 20, and 21). 
At 15~ days of gestation the amniotic epithelium consists 
of epithelial cells with large nuclei, intercellular canals which 
appear as channels, very few microvillous projections, mitochondria, 
and multivesicular bodies. Beneath the epithelium, collagen fibers 
and mesenchymal matrix are clearly observable (Fig. 22a and c). 
Rough endoplasmic reticuli are present in the cytoplasm. 
Morphogenetically, normal amniotic tissue of the rat fetus at 
16~ days consists of epithelial cells containing large nuclei, 
mitochondria, several rough endoplasmic reticuli, and meconaum. 
Fig. 16. Phase photomicrograph showing isolated amnion cells at 
13~ days of gestation. Note the presence of large nuclei 
(arrow). 3300X 
4-7 
Fig. 17. Phase photomicrograph showing isolate amnion cells at 16~ 
days of gestation. Note the presence of large nuclei (N). 
3300X 
4-8 
Fig. 18. Phase photomicrograph showing isolated amnion cells 
at 19~ days of gestation. Note the presence of a 
large nucleated epithelial cell (E) supported by 
mesenchymal tissue (arrow). 3300X 
4-9 
Fig. 19. Micrographs of 10\ day normal amnion. Note ongoing 
synthesis of connective tissue fibrils (arrow); nucleus, 
(N); mitochondria, (M); intercellular canals, (ICC) in 
picture (a). Fibroblast, (F) with large oval nucleus, 
(N); intercellular canals, (ICC); and meconium, (Me) in 
picture (b). Amnion epithelium in micrograph (c) showing 
microvilli, (MV). Note irregular shaped nuclei (N) in 




( a ) 
( b ) ( C) 
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( a ) 
( b) ( C) 
Fig. 20. Micrographs of 13~ day normal amnion of three epithelial 
cells. The nuclei (N) in pictures (a) and (b) are large 
whereas in picture (c) the nucleus (N) is small. Note 
the intercellular canals (ICC) in pictures (a, b, and c). 
Pinocytotic vesicles (PV) are shown in picture (c). 
~O,OOOX, ~O,OOOX, and 28,000X, respectively. 
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( a ) 
( b ) ( C) 
Fig. 21. Micrographs of 1% day normal amnion. 
(a) Fibroblasts (F) with elongated nucleus, (N); reticular 
fibers, (RF); intercellular canals, (ICC); mitochondria, 
(M); and pinocytotic vesicles (arrow). 28,000X 
(b) Portions of fibroblasts (F) with large nucleus, (N); 
cytoplasmic vacuole, (V); and mitochondria, (M). To 
the right are portions of an epithelial cell with 
pinocytotic vesicles (arrow). 40,000X 
(c) Epithelial cell with several mitochondria, (M); 
large nucleus, (N); pinocytotic vesicles (arrow); 
intercellular canals, (ICC); and meconium, (Me). 
40,000X 
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{ a ) 
{ b ) { C) 
Fig. 22. Micrographs of 15\ day normal amnion. 
(a) Portion of an epithelial cell showing intercellular 
canals, (ICC) and reticular fibers, (RF). To the left 
is shown portion of fibroblastic layer (arrow) and 
smooth endoplasmic reticuli, (ER). 40,000X 
(b) Epithelial cells with microvilli, (MV); mitochondria, 
(M); intercellular canals (arrow) and large nucleus, (N). 
60,000X 
(c) Reticular fibers, (RF) and portion of epithelim 
with intercellular canals, (ICC). 28,000X 
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Several intercellular canals and numerous microvillous projections 
now markedly extend from the epithelial cells. Beneath the amniotic 
epithelium are numerous collagen fibers and matrix granules (Fig. 23d). 
Adjacent to the fibers is the fibroblast layer which also contains 
mitochondria, meconium, intracellular spaces, and accentuated rough 
endoplasmic reticuli (Fig. 24-a). The nucleus in the fibroblast is 
large and elongated. Several cytoplasmic or microvilli extend from 
the periphery of the fibroblasts. The fibroblasts appear to be 
synthesizing fibers (Fig. 24-a and 23). 
Hofbauer dells are of the resting type with eccentric nuclei 
evidently due to the presence of large vacuoles. Microvilli extend 
from the surface of these cells; synthesis of wavy striated fibers is 
shown at this time (Fig. 24-, 25, 26). The mesenchymal tissue which 
the Hofbauer Cells disperse within consist of several intercellular 
spaces (Fig. 24-). 
Normal amniotic tissue of the rat fetus at 19~ days of gesta-
tion consists of an epithelium with numerous small microvillous 
projections, intercellular canals, and mitochondria. The nuclei in 
these epithelial cells are conspicuously small in contrast to 
earlier stages (Fig. 27). The amniotic epithelium is supported by 
a basement membrane. Beneath the basement membrane are fibers 
which appear long and slender accompanied by small granules. 
Subjacent to the fibers is the fibastic layer and Hofbauer cells 
(Fig. 27) . 
In summary, normal histogenesis of the amnion consists of: 
(l) an amniotic epithelium of larger cuboidal epithelial cells 
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with simple and fused microvilli; (2) the epithelium contains 
intercellular spaces, mitochondria, free ribosomes, meconium, and 
rough endoplasmic reticuli; (3) a basement membrane supports the 
epithelium; (~) a reticular layer composed of striated fibrils; 
(5) a fibroblastic layer with fibroblasts which contain meconium, 
mitochondria rough endoplasmic reticuli, and intercellular canals; 
and (6) Hofbauer dells of the 11restingn type. Notably, fibers appear 
to be synthesized from the mesenchymal tissue which contains the 
Hofbauer cells. 
Fig. 23. Micrographs of 16~ day normal amnion. 
(a) Mesenchymal tissue showing mitochondria, (M); 
intercellular canals, (ICC); rough endoplasmic reticuli, 
(ER); reticular fibers, (RF); and meconium, (Me). 
28,000X 
(b) Portions of epithelium, (E) and fibroblast, (F) 
showing nucleus, (N); mitochondria, (M); numerous rough 
endoplasmic reticuli, (ER): and meconium, (Me). 
28,000X 
(c) Amnion showing numerous endoplasmic reticulim (ER); 
nucleus, (N); numerous intercellular canals, (ICC); 
microvilli, (MV); and reticular fibers, (RF). 
~o,ooox 
(d) Amnion showing the synthesis of reticular fibers, 
(RF); nucleus, (N); endoplasmic reticuli, (ER); 
mitochondria, (M); and microvilli, (MV). ~O,OOOX 
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(a) ( b) 
( C) ( d) 
Fig. 24. Micrographs of 16\ day normal amnion. 
(a) Fibroblasts (F) with large nuclei, (N); microvilli, 
(}'IV); and mitochondria, (M). The fibroblasts appear to 
be synthesizing reticular fibers, (RF). 
28,000X 
(b) Reticular fibers, (RF) appear to be synthesized from 
the mesenchymal tissue which contain Hofbauer, (H); 
microvilli, (MV); and fibroblasts, (F). 
20,910X 
(c) Higher magnification of Hofbauer cells (H) of the 
resting type with large nucleus also intercellular canals, 
(ICC) present in the mesenchymal materials. 
52,203X 
(d) Higher magnification of Hofbauer Cells (H) showing 
the synthesis of reticular fibers, (RF). Mitochondria 
(M) present in mesenchymal tissue. 
52,203X 
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( a ) ( b) 
( C) ( d) 
Fig. 25. Higher magnification of reticular fibers (RF) from the 
mesenchymal tissue. Faint impressions cross-striations 
are shown (arrow). 
3117~X 
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Fig. 26. Micrograph of 16~ normal amnion showing Hofbauer cells, 
(H); cytoplasmic projections (arrow); and reticular 
fibers, (RF). The reticular fibers appear to be 
synthesized from the mesenchymal tissue which contain 




Fig. 27. Micrographs of 19¾ day normal amnion. 
(a) Portion of the epithelium showing microvilli, (MV); 
intercellular canals, (ICC); faint impressions of 
reticular fibers, (RF); and the presence of fibroblast 
(F) with large nucleus, (N). 
4-0,000X 
(b) Portion of the amnion showing numerous microvilli, 
(MV); reticular fibers, (RF); and fibroblastic material, 
(F) • 20, OOOX 
(c) Portions of the amnion showing epithelial cells with 
nucleus, (N); microvilli, (MV); intercellular canals, 
(ICC); granules of reticular fibers (arrow); fibroblast, 
(F); and Hofbauer dells, (H). 
28,000X 
(d) Portion of the amnion showing many intercellular 




( a ) ( b) 
( C) ( d) 
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Part II The Affect of Dimethyl Sulfoxide on Histogenesis 
of the Amnion 
Light and Phase Microscopy Observations 
Amnion treated with dimethyl sulfoxide (DMSO) showed an 
increase in vacuolation, swelling of the epithelial cells, distortion 
of epithelial and Hofbauer cells and in some instances distortion of 
only the periphery of the epithelial cells. In whole mounts of the 
amnion, there are areas completely devoid of epithelial cells 
(Figs. 25 through 46). 
Ultrastructural Observations 
Ultrastructural observations of the arnnii of rat fetuses treated 
with DMSO show distortions of both epithelial cells and mesenchymal 
material. There are increases in vacuolation and meconiurn substance 
(Figs. 47b and d, 48b and f, and 49b). Mitochondria are swollen 
and in some instances they are completely devoid of cristae (Fig. 
47b). The endoplasmic reticuli are swollen and devoid of ribosomes 
in both the epithelium and mesenchymal layer (Figs. 47f, 48b and f). 
An increase in free ribosomes are found throughout the cytoplasm 
(Figs. 48f and 49d and f) . The basement membrane is absent in one 
instance in the epithelium (Fig. 49b). Reticular fibers are dis-
torted and very little synthesis of fibers is shown (Figs. 47f, 48b 
and f, and 49b and d). There is an increase in intercellular canals 
in both the epithelium and the mesenchymal tissues (Figs. 47, 48, 
49b, d, and f). 
In summary, the amnii of DMSO-treated fetuses show that this 
chemical apparently induces (1) cellular distortions; (2) dissocia-
62 
tion of ribosomes from rough endoplasmic reticuli; (3) swelling of 
epithelial cells, endoplasmic reticuli and mitochondria; (~) dis-
tortion and in some instances complete removal of cristae from 
mitochondria; (5) increases in intercellular canals; and (6) eli-
minates in some instances the basement membrane. 
Fig. 28. Photomicropraph of cresyl violet stained whole mount of 
amniotic epithelium of a DMSO-treated fetus observed at 
10~ days of gestation. Note tlE presence of swollen and 
distorted epithelial cells (arrow). 1056X 
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Fig. 29. Photomicrograph of cresyl violet stained preparations of 
isolated epithelial cells of the amnion of a DMSO-treated 
fetus observed at 10\ days of gestation. Note the 
presence of vacuolar spaces (V) within the cells and 
obviously distorted cells (arrow). 
3300X 

Fig. 30. Photomicrograph showing a cross-section of the amnion of 
a DMSO-treated fetus observed at 10\ days of gestation 
showing epithelial cells (E) and mesenchymal tissue (M). 
Note the distorted periphery of the epithelial cells 
(arrow). Toluidine blue stained. 
3300X 
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Fig. 31. Photomicrograph showing whole mount of the amniotic 
epithelium of a DMSO-treated fetus observed at 13\ days 
of gestation. Note fibroblast, (F); vacuolation, (V) 
around the epithelial cells, and distorted cells (arrow). 
Cresyl violet stained. 1056X 
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Fig. 32. Photomicrograph of isolated cuboidal epithelial cells (E) 
from the amnion of a DMSO-treated fetus observed at 13~ 
days of gestation showing vacuolation (V) and distortion 
(arrow). Cresyl violet stained. 3300X 
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Fig. 33. Photomicrograph showing cross-section of the amnion of a 
DMSO-treated fetus observed at 13\ days of gestation. 
Note epithelial cells (E) and mesenchymal tissue (M). 
Distortion is also evident (arrow). Toluidine blue 
stained. 3300X 
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Fig. 34. Photomicrograph showing isolated amnion cells of a DMSO-
treated fetus observed at 14¾ days of gestation. Note 
Hofbauer cells (H) and cuboidal epithelial cells (E). 
There is also distortion of Hofbauer cells and epithelial 
cells (arrows). 3300X 
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Fig. 35. Photomicrograph showing cross-section of the amnion of a 
DMSO-treated fetus observed at 14¾ days of gestation. 
Note cuboidal epithelial cells (E) with large nuclei and 
distortions (arrows). Toluidine blue stained. 
3300X 
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Fig. 36. Photomicrograph showing isolated cuboidal cells (E) of 
the amnion of a DMSO-treated fetus observed at 15\ days 
of gestation. Note the distortion of cells (arrow). 
Cresyl violet stained. 3300X 
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Fig. 37. Photomicrograph showing cresyl violet stained whole mount 
of amniotic epithelium of DMSO-treated fetus observed at 
16~ days of gestation. Note distortions of cells (arrow). 
l056X 
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Fig. 38. Photomicrograph showing cross-section of 16\ day amnion 
of a DMSO-treated fetus. Note epithelial cells (E) and 
mesenchymal tissue (M). Toluidine blue stained. 
3300X 
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Fig. 39. Photomicrograph showing cresyl violet stained whole mount 
of amniotic epithelium of a DMSO-treated fetus observed at 
19\ days of gestation. Note tissue distortions. 
1056X 
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Fig. ~O. Photomicrograph of cresyl violet stained preparation of 
isolated epithelial cells (E) of the arrmion of a DMSO-
treated fetus observed at 19\ days of gestation. 
3300X 

Fig. 41. Photomicrograph of toluidine blue stained cross section 
of the amnion from DMSO-treated fetus at 19\ days of 
gestation showing the epithelial layer, (E); basement 
membrane, (BM); compact layer, (C); and fibroblastic 
layer, (F). Note the microvillous extensions from the 
epithelial layer (arrow1) and tissue distortions in the 
fibroblastic layer (arrow2). 3300X 
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Fig. 42. Phase photomicrograph of isolated DMSO-treated amnion 
cells at 10¾ days of gestation. Note the absence of 
nuclei. Distortions are evident (arrow). 3300X 
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Fig. 43. Phase photomicrograph of isolated DMSO-treated amnion 
cells at 13~ days of gestation. Note the presence of 
large nuclei (arrow1) in the swollen cells and slight 
distortions in the cells (arrow2). 3300X 
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Fig. 44. Phase photomicrograph of isolated DMSO-treated cells at 
15\ days of gestation. Note the presence of large nuclei 
(arrow1). The epithelial cells appear square-shaped and 
swollen (arrow2). 3300X 
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Fig. ~5. Phase photomicrograph of isolated DMSO-treated cells at 
16\ days of gestation. Note the presence of large nuclei 
(arrow1) and distortions of cells (arrow2). 3300X 
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Fig. 46. Phase photomicrograph of isolated amnion cells at 19~ 
days of gestation. Note the presence of large nuclei (N) 
and the distortion in the cells (arrow). 
3300X 
81 
Fig. 47. Micrographs of the normal and DMSO-treated amnions. 
(a) 1% day normal amnion showing large nucleus, (N); 
pinocytotic vesicles, (PV); mitochondria, (M); and 
meconiurn, (Me). 40,000X 
(b) 1% day DMSO-treated amnion showing intercellular 
canals, (ICC); Hofbauer dells, (H); mitochondria, (M); 
nucleus, (N); and meconium, (Me). Present are mesenchymal 
tissues (arrow1); numerous vacuoles or intercellular 
canals (arrow2); and amorphous materials (arrow3). 
20,000X 
(c) 13\ day normal amnion with large nucleus, (N); inter-
cellular canals, (ICC); and cytoplasmic projections . 
(arrow). 40,000X 
(d) 13\ day normal amnion showing swollen epithelial cell, 
(E); nucleus, (N); distorted reticular fibers, (RF); and 
microvilli, (MV). Note the presence of amorphous or 
distorted materials (arrow1), and vacuolations (arrow2). 
28,000X 
(e) 10\ day normal amnion showing large nucleus, (N); 
ribosomes, (R); and rough endoplasmic reticuli, (ER). 
Note the onset of fibers (arrow), and distortions of 
cristae in mitochondria, (M). 54,000X 
(f) 10\ day DMSO-treated amnion showing nucleus, (N); 
ribosomes, (R); smooth endoplasmic reticuli, (ER); 
mitochondria, (M) with distorted cristae, and distorted 
materials (arrow1). There is also tearing of tissues 
(arrow
2
), and a decrease in synthesis of fibers (arrow3). 
54,000X 
( a ) 
( C) 







Fig. 48. Normal and DMSO-treated amnion. 
(a) 16\ day normal amniotic epithelium showing nucleus, 
(N); mitochondria, (M); and endoplasmic reticuli, (ER). 
Also shown at top is portion of a fibroblast showing 
nucleus, (N), and rough endoplasmic reticuli, (ER). 
28,000X 
(b) 16\ day DMSO-treated amnion showing nucleus, (N); 
distorted reticular fibers, (RF); meconium, (Me); and 
swollen smooth endoplasmic reticuli, (ER); mitochondria, 
(M), with distorted cristae and amorphous materials 
(arrow). 40,000X 
(c} 15\ day normal amnion showing reticular fibers, (RF); 
fibroblast, (F); vacuoles, (V); intercellular canals, (ICC); 
and mitochondria, (M). 28,000X 
(d) 15\ day DMSO-treated amnion showing mesenchyme with 
interc€llular canals, (ICC); mitochondria, (M); reticular 
fibers, (RF); Hofbauer Cells, (H); and distorted materials 
(arrow). 40,000X 
(e) 15\ day normal amnion showing reticular fibers, (RF); 
nucleus, (N); intercellular canals, (ICC); rough endo-
plasmic reticuli, (ER); and amorphous materials (arrow). 
40,000X 
(f) 15\ day DMSO-treated amnion showing swollen smooth 
endoplasmic reticuli, (ER); vacuoles, (V); meconium, (M); 
distorted reticular fibers, (RF); and distorted amorphous 
connective tissue (arrow). 40,000X 
( a ) 
( C ) 




( d ) 
( f) 
(DMSO) 
Fig. 49. 19\ day normal and DMSO-treated amnion. 
(a) Portion of the epitheliwn, (E) showing microvilli 
(MV); basement membrane, (BM); reticular fibers, (RF); 
and fibroblast, (F) with large nucleus, (N). 40,000X 
(b) DMSO-treated amnion showing distorted epithelium 
(E) with microvilli, (MV); reticular fibers, (RF); 
swollen fibroblast, (F) and distorted materials (arrow). 
Basement membrane not seen. 40,000X 
(c) 19\ day normal amnion showing numerous microvilli, 
(MV); nucleus, (N); intercellular canals, (ICC); basement 
membrane, (BM); reticular fibers, (RF); fibroblast, (F); 
and Hofbauer aells, (H). 28,000X 
(d) 19~ day DMSO-treated amnion with distorted reticular 
fibers, (RF); fibroblast, (F); nwnerous ribosomes (arrow1), 
and cytoplasmic projections (arrow2). 28,000X 
(e) 19\ day normal amnion with nwnerous microvilli, (MV); 
nucleus, (N); mitochondria, (M); basement membrane, (BM); 
and several intercellular canals, (ICC). 40,000X 
(f) 19\ day DMSO-treated amnion showing nwnerous micro-
villi, (MV); nucleus, (N); nwnerous intercellular canals, 
(ICC); nwnerous granules (arrow1); and reticular fiber 
granules (arrow2). 40,000X 
( a ) 
( C) 









Histogenesis of the Amnion 
The structural moiety of the amnion from observations by light, 
phase, and electron microscopic studies of Long Evans rats on days 
lOt through 19t of gestation, suggest that the amnion consist of four 
layers. These layers, extending from the fetus distally, include 
an epithelium, a basal lamina, a compact layer, and a fibroblastic 
layer (Figs. 1~, 23c and d, and 27). A spongy layer as postulated 
by Bourne (1962) was not observed, although the description of the 
fibrils observed by Bourne in this layer was identical to the fibers 
observed in the compact and fibroblastic layers (Figs. 19a, 23c and d, 
25,and26). 
The epithelium is composed of mostly large cuboidal epithelial 
cells whose surface is evaginated by short and long microvilli 
(Figs. Sb and 27). The nuclei in these cells are large and situated 
near the base of the cells (Figs. 19c, 20a, and 23c and d). Intra-
cellular canals extended upward from the basal lamina to the surface 
of the epithelium. These canals were more numerous at stages 1st 
through 19t than at stages lOt through 1%. Vacuolations are evident 
from lOt through 19t and these can be seen in light microscopy 




Mitochondria of various shapes, endoplasmic reticuli, and 
meconial deposits are numerous throughout the gestational periods as 
suggested by Bourne (1962), instead of being sparse as suggested by 
Wynn, et al. (1967), Wynn and French (1968), and Larsen and Davies 
(1962) . 
Meconium is a dark green, almost black, material that fills the 
whole of the colon and the lower ileum of term fetuses. It is a 
sticky, mucoid semi-solid substance which mixes readily with water, 
or amniotic fluid. Meconium is passed by the fetus when it is 
subjected to stress, especially the duress caused by anoxia, Bourne 
(1962) . 
The compact layer is immediately subjacent to the basement 
membrane and it consisted of connective tissue which is composed of 
fibers. These fibers appear as bundles of wavy tubules and as small 
granules (Figs. 23d, 2~b, 25, and 26). These fibers were observed in 
and near the fibroblasts and are evidently synthesized from fibroblas-
tic cells as shown by Bourne (1962). The synthesis of the fibers 
occur as early as 10~ days of gestation (Fig. 19a). The fibers are 
convoluted in appearance forming swiggles which could possibly be the 
source of contraction (Figs. 25 and 26). 
Bourne (1962) observed cross-striation in high-resolution elec-
tron micrographs of the fibers. This was also evident at lower 
resolutions but with less definition in these present studies. The 
description of these fibers is controversial. Bourne and Lacey (1960) 
and Bourne (1962) describe them as being reticular fibers. Wynn and 
Corbett (1969), Sinha, et al. (1970), and Lister (1968) suggest that 
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they might be collagenous. The fibers observed in this investigation 
were reticular. They were convoluted in appearance forming swiggles 
and at higher magnifications, they showed cross-striation. Thus, 
this investigation supports Bourne and Lacey (1960) and Bourne (1962), 
who suggested that these fibers are reticular and possibly the source 
of contraction. Therefore, it appears that the amnion has a muscle-
like component as suggested by Bautzmann (1956), Bautzmann and 
Schroder (1955a), and Petry (1961). The musculature of the amnion of 
rat fetuses has been shown to be of the smooth muscle type according 
to the latter investigations. 
The fibroblastic layer consists of fusiform fibroblasts, endo-
plasmic reticuli, intercellular canals, vacuoles, and meconium. 
Pseudopodial-like projections extend from the surface of the fibro-
blasts. Adjacent to the fibroblasts are Hofbauer dells (Figs. 19b, 
24b, c, and d, and 26). These cells are circular or oval with large 
eccentric nuclei and their cytoplasm contained granules and vacuoles 
(Figs. 24c and d). The Hofbauer dells, because of their morphology 
and cytofunction, are of the resting type as postulated by Hofbauer 
(1905) and Bautzmann and Schroder (1955b). These cells are active 
and of unknown function, but connected with the growth of the villi 
(Ho~mann, 1947). Macrophage activity has been observed by Hofbauer 
(1905) and Bautzmann and Schroder (1956). 
Osmoregulation in the Amnion 
Ultrastructural studies of the amnion reveal it to contain short 
and long microvilli, intercellular canals, pinocytotic vesicles, 
mitochondria, rough and smooth endoplasmic reticuli, vacuoles, fibrils, 
and psedopodial-like projections. The above structures suggest that 
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the amnion is involved in transport of amniotic fluid to and from the 
amniotic cavity. 
On day 10¾ of gestation, the microvilli are few in number. This 
period has been shown to be a time of on-setting transitory osmoregula-
tion activities (McMillan, 1975). Notably, the ontogeny of apparently 
functional cytoplasmic extensions occur at this stage (Fig. 19a), 
suggesting a correlation of their presence with the onset of a 
functional amnion. 
At 13¾ days of gestation, there are numerous microvilli and a 
marked increase in pinocytotic vesicles. Subsequently, at 15¾ through 
19¾ days of gestation, there is a two-fold increase in microvilli, 
pinocytotic vesicles, and intercellular canals. 
Petry and Kuhnel (1963) suggest that the reduction in apical 
cytoplasmic granules parallel the decrease in amniotic fluid as 
gestation advances. 
The findings in this latter investigation suggest a hypothesis 
for the osmoregulation of amniotic fluid controlled directly by the 
amnion. Fluid from the amniotic cavity enters the amnion via micro-
villi and channels between epithelial cells. Within the cells, the 
fluid is transported by intercellular canals and vacuoles which 
extends to the basement membrane (Bourne, 1962). The fluid then 
permeates the connective tissue layer which contain mainly a network 
of fibers (Bourne, 1962, and Armstrong, et alr 1968). Thus, there is 
an apparent correlation between increased proficiency of osmoregula-
tion by the amnion shown by others and the increase in functional 
cytoplasmic extensions shown in this present investigation. 
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Affects of Dimethyl Sulfoxide 
This investigation shows that dimethyl sulfoxide (DMSO) induces 
teratological affects on the amnion and chorion of the Long Evans rat 
fetus. The blood vessels, especially the small ones, are completely 
distorted in the chorion. The amnii of rat fetuses treated with DMSO 
are extremely mucilagenous and unusually loose. They enclosed the 
fetuses in a manner that allows for removal without any difficulty. 
DMSO affects the structural moiety of the amnion. It distorts 
the epithelial cells and in some instances it completely destroys the 
cells (Figs. 28, 29, 31, 3~, 37, ~l, ~2, ~5, ~9b, d, and f). DMSO 
distorts the shape of epithelial cells as well as inducing swelling 
in the epithelial cells, mitochondria, and endoplasmic reticuli 
(Figs. 43, 44, 48b, d, and f). Drastic swelling of the mitochondria 
and degradation of the cristal matrix also occurs. DMSO dissociates 
ribosomes from rough endoplasmic reticuli. It distorts and decreases 
the synthesis of reticular fibers (Figs. ~7f, 48f, ~9b and d). The 
above ultrastructural anomalies were also noted by Archer and 
Shiekin (1967). Since the endoplasmic reticular system containing the 
ribosomes is the cytological source of protein synthesis, the distur-
bances occuring in these structures may explain the cytological basis 
for the decrease in the synthesis of adequate reticular fibers. This 
was also noted by Archer and Shiekin (1967). 
DMSO distorts and swells fibroblasts (Figs. lOb and d, ~l, ~9b 
and d). The mitochondria and endoplasmic reticuli in their cytoplasm 
exhibit the same anomalies as mentioned above. Collaborative 
evidence on the part of Archer and Schiekin (1967) raised the possi-
bility that such DMSO-damaged fibroblasts would have impaired 
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protein synthetic ability. The results of this investigation suggests 
that DMSO may have possibly changed the physical properties of 
collagen by causing lysis of its intermolecular bonds. Cytological 
evidence presented in this investigation supports the above findings 
by Archer and Schiekin (1967). Observations in this present study 
shows that DMSO also increased the number of intercellular canals 
(Figs. ~Bb and ~9f), and the production of meconium. Although 
meconium is excreted by the fetus at times of stress, generally 
(Bourne, 1962), DMSO apparently amplified this stress reaction since 
an increase in the production of meconium was observed in the amniotic 
tissues of fetuses from DMSO-treated rats. 
In addition to the cytological anomalies- induced by DMSO in the 
amnion as reported in this investigation, it is suggested that 
congenital abnormalities reported in other mammals and aves by Rubin 
and Mattis (1966); Ferm (1966), Marin-Padilla (1966), and Brown 
(1968; 1970) may specifically have their teratogenic origin in an 
impaired amnion. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. The structural moiety of the Long Evans rat fetuses consist of 
an epithelium, a basal lamina, a compact layer, and a 
fibroblastic layer. 
2. The epithelial cells are evaginated with short and long micro-
villi and the epithelium contains mitochondria, rough endo-
plasmic reticuli, vacuoles, intercellular canals, and meconium. 
3. The fibroblastic layer consists of fibroblasts embedded in 
connective tissue. It also contains mitochondria, inter-
cellular canals, meconium, and endoplasmic reticuli. 
4. Hofbauer dells of the resting type are adjacent to the fibro-
blastic layer. 
5. Reticular fibers appear in the compact and fibroblastic layer. 
Structurally, these fibers show sporadic banding patterns 
which may be evidence for the presence of cross-striation and 
are suspected of being the contractile source of the amnion. 
6. The amniotic epithelium is composed of mostly cuboidal cells 
with large and small nuclei. 
7. The amnion is supported by a basement membrane which is 
adjacent to a connective tissue layer composed of reticular 
fibers. Beneath this layer is mesenchymal tissues which 
contain fibroblasts and Hofbauer Cells. 
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8. Osmoregulation of amniotic fluid to and from the amniotic 
cavity is suggested as occuring via channels between epithelial 
cells, microvilli, pinocytotic vesicles, intercellular canals, 
and via pseudopodial-like projections at the surfaces of the 
fibroblasts. 
9. Dimethyl sulfoxide (DMSO) causes anomalies in the amnion; 
(a) cellular distortion; (b) distortion of fibroblasts, 
reticular fibers, and cristae of the mitochondria; (c) swelling 
of epithelial cells, fibroblasts, mitochondria, and endoplasmic 
reticuli; (d) decreases the synthesis of reticular fibers; 
(e) dissociates ribosomes from endoplasmic reticuli. 
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